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ADDITIVE FOR IMPROVING THE SOLVENT
RESISTANCE AND OTHER PROPERTIES OF
WATER-BASED BINDER SYSTEMS

BACKGROUND OF THE INVENTION D

1. Field of the Invention

The invention relates to the use of an additive containing,
zinc oxide for improving the solvent resistance or other prop-
erties, such as resistance or drying behavior, of water-based 10
binder systems, to the additive, and to an aqueous coating,
material comprising the additive.

2. Discussion of Background Information

Zinc oxide 1s already used for various purposes in water-
based coating materials. Its use as a white pigment 1s well
known. In wood coatings, ZnO 1s used, besides other zinc
salts, as an additive for preventing the bleeding of tannic acid.
Z1inc oxide 1s also used 1n primers on metals, as an adhesion
promoter. For these applications, zinc oxide particles with a
diameter of more than 1 um are employed.

Zinc oxide and other metal oxides are also used 1n coating 20
materials 1n order to improve UV protection, solvent resis-
tance, and surface hardness. WO 2008/049679 describes the
use of nanoparticles for coating materials on an organic sol-
vent basis, 1n order to achieve an improvement in scratch
resistance and 1n flexibility. U.S. Pat. No. 6,342,556 describes
the use of ZnO particles having a diameter of 10 to 80 nm 1n
water in combination with coating materials for improved UV
protection of wood.

WO 2005/071002 relates to the use of a dispersion com-
prising ZnO having a BET surface area of 10 to 200 m*/g as
transparent UV protection in coating materials. The ZnO 3¢
particles described 1n that application are pyrogenically pre-
pared particles which 1n dispersion have an average second-
ary particle size of less than 300 nm. Although these pyro-
genically produced particles do possess a specific surface
area 1n the order of magnitude of nanoparticulate zinc oxide, 35
they cannot be used to produce transparent coats. The additive
specified in WO 2005/071002 1s therefore unsuitable for use
in transparent coating systems.

WO 2005/071029 uses zinc oxide having a particle diam-
cter of less than 100 nm in order to improve the surface
hardness and the scratch resistance of polyurethane (PUR)
coating materials. WO 2006/023064 relates to the use of ZnO
dispersions in PUR binders for producing scratch-resistant
floor coatings. WO 2006/023064 describes the production of
scratch-resistant  wood-preservative  coating matenals
through the use of ZnO dispersions in acrylic binders. A 45
mixture of Al,O, microparticles and nanoparticles 1s used in
PU resins and melamine/formaldehyde resins for improving
the surface hardness (WO 03/040223).

WO 2006/023064 describes the use of 2 to 20% nanoscale
zinc oxide 1n acrylate-containing coating materials and coat-
ings, i order to improve the adhesion, tannin resistance or
corrosion resistance, for example. Since the fraction of the
relatively expensive ZnO 1s more than 2%, the composition 1s
economically irrelevant for the top coat sector. WO 2006/
023065 relates to coating compositions which comprise
microscale T10, pigments and nanoscale metal oxide such as 55
/n0O, the intention being that the nanoscale metal oxide
should ensure a uniform spacing of the T10, pigments in the
coat.

WO 2005/119359 and US-A1-2003/0180466 describe
film-forming compositions which comprise binder, nanopar-
ticle, surfactant, and a polymeric dispersant, in order to
improve the abrasion resistance of substrates coated with
such compositions.

One of the means employed for increasing the solvent
resistance of coatings 1s their subsequent crosslinking with
UV 1ntiators, as shown in U.S. Pat. No. 4,121,985, for 65
example. In accordance with JP-A-62-28496, solvent-resis-
tant coats are produced by the use of acidically/basically
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crosslinking binder constituents. In addition to the use of UV
initiators, functional silanes as well are employed for the
postcrosslinking of polymer coats, as described in DE-T2-

694266774, for example. JP-A-11012426 describes resin com-

positions comprising carboxylated acrylic resin and 1nor-
ganic particles with oxazoline groups on the surface, in order
to obtain coatings having good solvent resistance.

WO 2008/064114 relates to the use of ZnO particles having,
a diameter of less than 1 um 1n an acrylate hybrd coating
material for the purpose of improving the solvent resistance,

the moisture resistance, and the UV resistance. JP-A-
57123271 relates to clearcoat compositions, such as acrylic
varnishes, to which SnO, powder or In,O,; powder with a
diameter<100 nm 1s added, for purposes including that of
improving the solvent resistance. On account of the costs of
the powders employed, especially of the In,O, powder, this
approach does not have much economic interest.

A UV post-crosslinking for improving the solvent resis-
tance necessitates an additional operating step. Moreover,
chemical postcrosslinking results 1n the embrittlement of the
coating film. This places limits on its use, particularly for
applications where high elasticity 1s needed.

There 1s therefore a demand for additives for binder sys-
tems, more particularly coating systems, with which the sol-
vent resistance ol water-containing binder systems can be
significantly improved without detracting from the overall
proflle of the binder system through the addition of large
quantities. In this context, even quantities of less than 2% by
weight ought, when added, to achieve a significant effect, in
order to allow a reduction 1n production costs and to have as
little detrimental effect as possible on the other properties of
the binder system, particularly of a coating material.

Surprisingly 1t has been found that the combination of at
least two 1norganic nanoparticle dispersions results 1n a syn-
ergistic boost to the solvent resistance of the dried or cured
binder system. The particle mixtures are mixtures of zinc
oxide with at least one other metal oxide, semimetal oxide or
0x0 sallt.

SUMMARY OF THE INVENTION

The present invention provides a method of increasing the
solvent resistance of a dried or cured aqueous binder system.
The method comprises combining the aqueous binder system
with (1) an aqueous dispersion comprising nanoscale ZnO
particles and nanoscale particles of at least one non-ZnO
metal oxide, semimetal oxide or oxo salt, or (11) a kit com-
prising at least two aqueous dispersions, a first aqueous dis-
persion comprising nanoscale ZnO particles and one or more
further aqueous dispersions comprising nanoscale particles
of at least one non-ZnO metal oxide, sesmimetal oxide or oxo
salt.

In one aspect of the method, the aqueous binder system
may be an aqueous coating material, an aqueous adhesive, an
aqueous sealant, or an aqueous binder.

In another aspect, the nanoscale particles of the at least one
non-/Zn0O metal oxide, semimetal oxide or oxo salt may com-
prise one or more of S10,, aluminum oxide, titanium dioxide,
zircommum dioxide, cerium dioxide, yttrium oxide, mixed
oxides of aluminum oxide and silicon dioxide, aluminosili-
cate, iron oxide, and core-shell particles with a shell of S10,,
bartum sulfate or calcium carbonate.

In yet another aspect, the aqueous dispersion or further
aqueous dispersion of the kit (11) may comprise at least two
different nanoscale particles of a non-Zn0O metal oxide, semi-
metal oxide or oxo sallt.

In a still further aspect, the kit (11) may comprise at least two
turther aqueous dispersions. For example, one of the at least
two further aqueous dispersions may comprise nanoscale
S10, particles and another one of the dispersions may com-
prise nanoscale particles of one or more of aluminum oxide
and 1ron oxide.
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In another aspect of the method, the nanoscale particles of
the at least one non-ZnO metal oxide, semimetal oxide or oxo
salt may comprise hydrophobic particles. For example, the
hydrophobic particles may comprise one or more of hydro-
phobic S10, and hydrophobic Al,QO,.

In a still further aspect, the aqueous dispersion or at least
one of the aqueous dispersions of kit (1) may comprise at least
one dispersant.

In another aspect, the fraction of the nanoscale particles of
a non-ZnQO metal oxide, semimetal oxide or oxo salt, relative

to the total weight of nanoscale ZnO particles and nanoscale
particles of a non-ZnO metal oxide, semimetal oxide or oxo
salt, may be from 0.1% to 50% by weight.

In another aspect of the method of the present invention, (1)
or (11) may be employed 1n an amount to result in a combined
mass fraction of the nanoscale ZnO particles and the nanos-
cale particles of at least one non-Zn0O metal oxide, semimetal
oxide or oxo salt in the dried or cured binder system of from
0.01% to 20% by weight, ¢.g., from 0.1% to 5% by weight.

The present invention also provides an aqueous dispersion
or a kit comprising at least two aqueous dispersions for
improving the resistance and the drying properties of an aque-
ous binder system. The aqueous dispersion comprises nanos-
cale ZnO particles and nanoscale particles of at least one
non-Zn0O metal oxide, semimetal oxide or oxo salt. The kit
comprises at least two aqueous dispersions comprising a {irst
aqueous dispersion which comprises nanoscale ZnO particles
and one or more further aqueous dispersions which comprise
nanoscale particles of at least one non-ZnO metal oxide,
semimetal oxide or oxo salt.

The present mvention also provides an aqueous binder
system that comprises an organic or inorganic binder and an
aqueous dispersion which comprises nanoscale ZnO particles
and nanoscale particles of at least one non-ZnO metal oxide,
semimetal oxide or oxo salt.

In one aspect, the aqueous binder system may be an aque-
ous coating material, an aqueous adhesive, a sealant, or an
aqueous binder.

In another aspect, the binder may be a physically curing,
chemically curing or radiation-curing binder.

In yet another aspect of the binder, the nanoscale particles
of the at least one non-Zn0O metal oxide, semimetal oxide or
0x0 salt may comprise one or more of S10,, aluminum oxide,
titanium dioxide, zirconium dioxide, certum dioxide, yttrium
ox1de, mixed oxides of aluminum oxide and silicon dioxide,
aluminosilicate, iron oxide, and core-shell particles with a
shell of S10,, bartum sulfate or calctum carbonate. For
example, the nanoscale particles of the at least one non-ZnO
metal oxide, semimetal oxide or oxo salt may comprise
nanoscale S10,, particles, and may further comprise nanos-
cale particles of at least one of aluminum oxide and iron
oxide.

In a still further aspect of the binder system, the nanoscale
particles of the at least one non-ZnO metal oxide, semimetal
oxide or oxo salt may comprise hydrophobic particles.

DETAILED DESCRIPTION OF THE INVENTION

The present invention accordingly relates to the use of an
aqueous dispersion comprising nanoscale ZnO particles and
nanoscale particles of a non-ZnO metal oxide, semimetal
ox1ide or oxo salt, or of a kit comprising at least two aqueous
dispersions, with a first aqueous dispersion comprising
nanoscale ZnO particles and one or more further aqueous
dispersions comprising nanoscale particles of a non-ZnO
metal oxide, semimetal oxide or oxo salt, mn an aqueous
binder system for improving the solvent resistance of the
dried or cured binder system.

The addition of the stated aqueous dispersion to the aque-
ous binder system produces a surprisingly sharp improve-
ment 1n the solvent resistance of the cured binder system, in
the case, for example, of a coating material applied to a
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substrate and dried and/or cured, in comparison to coating,
materials 1n which only one kind of nanoscale particles 1s
added. It has been found that further properties, such as the
drying properties, for example, of the binder system were
improved by adding the aqueous dispersion or the kit of
aqueous dispersions. The mvention 1s elucidated comprehen-
stvely below.

The improvement in the solvent resistance and/or in
another resistance through use of an aqueous dispersion com-
prising nanoscale ZnO particles and nanoscale particles of a
non-7Zn0O metal oxide, semimetal oxide or oxo salt, or of a kit
comprising at least two aqueous dispersions, with a first aque-
ous dispersion comprising nanoscale ZnO particles and one
or more further aqueous dispersions comprising nanoscale
particles of a non-ZnO metal oxide, semimetal oxide or oxo

salt, in aqueous binder systems relates to the solvent resis-
tance and/or other resistance of the dried or cured binder
system which 1s obtained from the aqueous binder system.

In the context of the use 1n accordance with the invention,
an aqueous dispersion comprising nanoscale ZnO particles
and nanoscale particles of a non-Zn0O metal oxide, semimetal
oxide or oxo salt, or a kit comprising at least two aqueous
dispersions, with a first aqueous dispersion comprising
nanoscale ZnO particles and one or more further aqueous
dispersions comprising nanoscale particles of a non-ZnO
metal oxide, semimetal oxide or oxo salt, 1s added to the
aqueous binder system, the aqueous binder system 1s applied
to a substrate, and then the binder system i1s dried and/or
cured. The nature of the drying or curing 1s guided by the
binder system, and 1s carried out 1n a manner with which the
skilled person 1s familiar, as for example by evaporating,
heating and/or 1rradiating. The drying or curing may com-
prise physical drying and/or chemical curing or crosslinking.

The additive which 1s used 1 an aqueous binder for
improving the solvent resistance of the dried or cured binder
system 1s an aqueous dispersion comprising nanoscale ZnO
particles and nanoscale particles of a non-ZnO metal oxide,
semimetal oxide or oxo salt, or a kit comprising at least two
aqueous dispersions, with a first aqueous dispersion compris-
ing nanoscale ZnO particles and with one or more further
aqueous dispersions comprising nanoscale particles of a non-
/n0 metal oxide, semimetal oxide or oxo salt. The additive 1s
preferably composed of a mixture of at least two nanoparticu-
late aqueous dispersions.

As nanoscale ZnO particles 1t 1s possible to use all that are
known to the skilled person. Such nanoscale ZnO particles
are available commercially or can readily be prepared by
processes known to the skilled person. The ZnO particles may
also be hydrophobic nanoscale ZnO particles.

The additive further comprises at least one further kind of
nanoscale particles, selected from a non-ZnO metal oxide,
semimetal oxide or oxo salt, with preference being given to
particles of a metal oxide or semimetal oxide. Metal oxides or
semimetal oxides here also include hydrated oxides, hydrox-
ide oxides or hydroxides. Nanoscale particles of metal oxide,
semimetal oxide or oxo salt are also known to the skilled
worker and 1n general are available commercially, or they can
casily be prepared by processes known to the skilled person.

The nanoscale particles selected from a non-ZnO metal
oxide, semimetal oxide or oxo salt may also be core-shell
particles, having a core of any desired material and a shell of
a non-Zn0O metal oxide, semimetal oxide or oxo salt. It 1s
usetul 1f the core as well 1s composed of a non-ZnO metal
oxide, semimetal oxide or oxo salt, 1n which case the material
for the core and the material for the shell are different. The
metal oxide or semimetal oxide may also be mixed oxide, 1.¢.,
an oxide of two or more metal or semimetals, which also
includes hydrated oxides, hydroxide oxides or hydroxides.
Mixed oxides comprise, for example, silicates, such as alu-
minosilicates, for example, and mixed oxides of aluminum
and silicon.
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The oxo salt 1s preferably a salt which 1s isoluble or
sparingly soluble in water. Generally speaking it 1s a metal
0xo0 salt. An oxo salt comprises an oxygen-containing anion,
¢.g., the anion of an oxo acid. Examples of suitable oxo salts
are sulfates, phosphates, and carbonates, ¢.g., metal sulfates,
metal phosphates, and metal carbonates. Examples of usetul

oxo salts which may be employed in the form of nanoscale
particles are CaCO; and BaSQO,,.

Specific examples of suitable nanoscale semimetal oxides
and metal oxides for the nanoscale particles are S10,, more
particularly precipitated silicas, aluminum oxides, titanium
dioxide, zirconium dioxide, cerium dioxide, yttrium oxide,
mixed oxides of aluminum oxide and silicon dioxide, alumi-
nosilicates, 1rron oxides, including 1ron hydroxide oxides, and
core-shell particles which possess a core of any desired metal
oxide and a shell of S10,, in each case including hydrated
oxides, hydroxide oxides or hydroxides. Preferred examples
ol nanoscale particles of a metal oxide or semimetal oxide are
particles 01 S10,, Al,O, or Fe,O, or of other 1iron oxides, with
S10, being particularly preferred. S10, may be used, for
example, i the form of colloidal S10, or fumed Si10,.
Examples of suitable nanoscale S10, particles are, for
example, commercial silica sols, fumed silicas or precipitated
silicas.

The nanoscale particles selected from a non-ZnO metal
oxide, semimetal oxide or oxo salt are preferably hydropho-
bic nanoscale particles. Specific examples of suitable hydro-
phobic nanoscale metal oxides or semimetal oxides are
hydrophobic precipitated silica (e.g., Sipernat® D17), hydro-
phobic aluminum oxides, hydrophobic titanium dioxide,
hydrophobic zircomum dioxide, hydrophobic certum diox-
1ide, hydrophobic yttrium oxide, hydrophobic mixed oxides of
aluminum oxide and silicon dioxide, hydrophobic alumino-
silicates, hydrophobic 1ron oxides, and core-shell particles
which possess a core of any desired metal oxide and a shell of
S10, and have been subsequently hydrophobized by a com-
mon process. Preferred examples used are hydrophobic S10,
and hydrophobic Al,O,, with particular preference being
given to hydrophobic S10,, more particularly hydrophobic
precipitated silica. In the case of the oxo salts as well, hydro-
phobic nanoscale oxo salts may be used with advantage.

Metal oxide particles, semimetal oxide particles or oxo salt
particles are generally hydrophilic 1n view of oxo groups or
hydroxyl groups on the surface. It 1s known in the art that such
hydrophilic particles can be hydrophobized. Suitable pro-
cesses are known, and hydrophobic particles prepared by
hydrophobization are available commercially. For hydropho-
bization, the particles may be reacted, for example, with
surface modifiers which have hydrophobic groups, such as
alkyl groups. The surface modifiers then attach to the surface
of the particles and, by virtue of their hydrophobic groups,
such as the alkyl groups, give the particles hydrophobic prop-
erties. Silicas, for example, are hydrophobized 1n the art by
reaction with chlorosilanes, such as dimethyldichlorosilane,
or alkylalkoxysilanes.

In one specific embodiment, in addition to the nanoscale
/nO particles, there are at least two, and more particularly
just two, kinds of nanoscale particles of a non-ZnO metal
oxide, semimetal oxide or oxo salt present in the aqueous
dispersion or 1n the kit, and all the materials 1dentified above
are contemplated for these particles. Preference here 1s given
to an aqueous dispersion which comprises nanoscale ZnO
particles, nanoscale S10, particles, and at least one further
kind of nanoscale particles, of 1ron oxide or aluminum oxide,
for example, or to a kit comprising two aqueous dispersions,
the first aqueous dispersion comprising nanoscale ZnO par-
ticles, and the further aqueous dispersion comprising nanos-
cale S10,, particles and at least one further kind of nanoscale
particles, of 1rron oxide or aluminum oxide, for example. In
this embodiment as well, with at least two kinds of nanoscale
particles of a non-ZnO metal oxide, semimetal oxide or oxo
salt, 1t 1s preferred for at least one or two of the nanoscale
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particles used that are of a non-ZnO metal oxide, semimetal
oxide or oxo salt to be hydrophobic, e.g., hydrophobic S10,.

The ZnO particles and the particles of a non-ZnO metal
oxide, semimetal oxide or oxo salt that are used 1n the aque-
ous dispersion of the mixture or in the kit are nanoscale. By
nanoscale particles are meant, as 1s usual in the art, particles
having an average diameter of less than 1 um. The average
particle diameter here 1s the volume average of the particle
diameter. Unless indicated otherwise, the reference 1s to the
d., value. The average particle diameter 1s determined by a
dynamic scattered-light method, using, for example, the nan-
otrac particle size analyzer instrument from Microtrac Inc.,

USA.

The average particle diameter, expressed as the d., value,
of the ZnO particles and of the particles of a non-Zn0O metal
oxide, semimetal oxide or oxo salt 1s therefore below 1 um.
The nanoscale ZnO particles preferably have an average par-
ticle diameter, expressed as the d, value, of not more than
200 nm and more preferably not more than 100 nm. The
particles of a non-ZnO metal oxide, semimetal oxide or oxo
salt preferably have an average particle diameter, expressed
as the d., value, of not more than 500 nm.

Nanoscale ZnO particles and/or nanoscale particles of a
non-Zn0O metal oxide, semimetal oxide or oxo salt with a
suitable size may also, for example, be obtained from corre-
sponding particles having a larger particle diameter, 1n the
microscale range, for example, by comminution of larger
particles, 1n a dispersing machine, for example, such as amall.

The dispersion comprising the nanoscale particles 1s an
aqueous dispersion—that, 1s the solvent used 1n the disper-
s10n 1s predominantly or exclusively water. It 1s possible for
small fractions of organic solvent to be present, e.g., less than
20% by weight, based on the total weight of water and organic
solvent in the aqueous dispersion, preferably less than 10%
by weight, and more preferably less than 5% by weight. The
figures above relating to the solvent 1in the aqueous dispersion
relate 1n this context not only to the imndividual aqueous dis-
persion used, comprising the mixture of the nanoscale par-
ticles, also referred to below as aqueous dispersion of the
mixture, but also to each of the individual aqueous disper-
s1ons of which the kit 1s composed, also referred to below as
aqueous dispersion of the kit.

The aqueous dispersion preferably comprises one or more
dispersing assistants or dispersants, whose purpose 1s to form
and/or to stabilize the aqueous dispersion of the nanoscale
particles. Examples of dispersants which can be used include
customary nonionic, cationic, anionic or amphoteric surfac-
tants. Such dispersants are customary, and the skilled person
1s able easily to select a useful dispersant in dependence on
the particles employed. The above details relating to the dis-
persant 1n the aqueous dispersion relate not only to the aque-
ous dispersion of the mixture but also to each individual
aqueous dispersion of the kat.

The proportion of nanoscale ZnO particles and nanoscale
particles of a non-ZnO metal oxide, semimetal oxide or oxo
salt 1n the aqueous dispersion may vary within wide ranges.
Generally, however, it 1s useful, based on the total amount of
nanoscale ZnO particles and nanoscale particles of a non-
/n0 metal oxide, semimetal oxide or oxo salt, for there to be
at least 50% by weight of nanoscale ZnO particles. The pro-
portion of nanoscale particles of a non-ZnO metal oxide,
semimetal oxide or oxo salt 1s usefully in the range from 0.1%
to 50%, pretferably 0.5% to 20%, and more preferably 2% to
15%, by weight, based on the total amount of nanoscale ZnO
particles and nanoscale particles of a non-ZnO metal oxide,
semimetal oxide or oxo salt. The above figures relating to the
proportion relate to the aqueous dispersion of the mixture. I
a kit of at least two aqueous dispersions 1s used, the aqueous
dispersions are suitably each added to the aqueous binder
system 1n amounts such that, overall, nanoscale ZnO particles
and nanoscale particles of a non-Zn0O metal oxide, semimetal
oxide or oxo salt are added 1n the proportions indicated above.
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The amount of nanoscale ZnO particles and nanoscale
particles of a non-ZnO metal oxide, semimetal oxide or oxo
salt 1n the aqueous dispersion of the mixture may vary within
wide ranges and may be, for example, 1% to 80%, preferably
25% to 60% or 30% to 50%, by weight, based on the total
weight of the aqueous dispersion. Even 1f a kit of aqueous
dispersions 1s used, the amount of nanoscale particles 1n the
aqueous dispersions of the kit may vary within wide ranges.
The amount of nanoscale ZnO particles 1n the first aqueous
dispersion of the kit may be, for example, 1% to 80%, pret-
erably 20% to 70% or 30% to 60%, by weight, based on the
total weight of the first aqueous dispersion, and the amount of
nanoscale particles of a non-ZnO metal oxide, semimetal
oxide or oxo salt in the further aqueous dispersion of the kit
may be, for example, 1% to 80%, preferably 5% to 50% or
7.5% to 40%, by weight, based on the total weight of the
turther dispersion.

The amount of the aqueous dispersion of the mixture or of
the kit of aqueous dispersions that 1s added to the aqueous
binder system may vary within broad ranges. The addition 1s
preferably made, however, 1n amounts such that the mass
fraction of the nanoscale ZnO particles and nanoscale par-
ticles of a non-ZnO metal oxide, semimetal oxide or oxo salt
overall in the dried or cured binder system, more particularly
in a coating film, 1s for example 1n the range from 0.01% to
20%, preferably 0.1% to 5%, and more preferably 0.15% to
2.5%, by weight.

As mentioned, an individual aqueous dispersion compris-
ing the nanoscale ZnO particles and the nanoscale particles of
a non-Zn0O metal oxide, semimetal oxide or oxo salt, 1n other
words an aqueous dispersion of the mixture, or a kit of sepa-
rate aqueous dispersions, can be used. An aqueous dispersion

may generally be obtained, for example, by adding water and
optionally dispersant or organic solvent to a powder of the
nanoscale particles, or 1s obtained directly from the nanoscale
particles production operation.

Preference 1s given to the use of an individual aqueous
dispersion. For preparing the aqueous dispersion of the mix-
ture 1t 1s possible, for example, first to provide, separately,
aqueous dispersions of the various kinds of nanoscale par-
ticles to be used, optionally with use of a suitable dispersant.
The aqueous dispersions thus prepared are then mixed 1n a
ratio such as to give an aqueous dispersion having the desired
proportion of the various nanoscale particles. For improving,
the solvent resistance and other properties of a dried or cured
binder system which 1s obtaimned from an aqueous binder
system, the aqueous dispersion of the mixture 1s added to the
aqueous binder system and mixed with 1t.

In the case of a kat, the first aqueous dispersion comprises
the nanoscale ZnO particles and the further aqueous disper-
sion comprises the nanoscale particles of a non-ZnO metal
oxide, semimetal oxide or oxo salt. If a further type of nanos-
cale particles of a non-Zn0O metal oxide, semimetal oxide or
oxo salt 1s used, these particles may be present 1n the first
aqueous dispersion or in the further aqueous dispersion of the
kit. They may, however, also be present separately 1n a third
aqueous dispersion of the kit. The aqueous dispersions of the
kit are added separately, simultaneously or successively to the
aqueous binder system.

The agueous binder system to which the aqueous disper-
s1on of the mixture or the aqueous dispersions of the kit 1s or
are to be added as an additive may be any customary aqueous
binder system known to the skilled person. Water-based
binder systems of this kind are available commercially. The
binder system 1s water-based—that 1s, a substantial part, at
least 20% by weight, for example, of the solvent used 1n the
binder system 1s water. In the aqueous binder system there
may be, as and when required, organic solvent present as well,
but 1n general the binder system contains less than 20% by
weight, preferably less than 10% by weight, of organic sol-
vents, based on the total weight of the binder system.
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The aqueous binder system comprises one or more organic
or inorganic binders. These may be any binders customary for
aqueous binder systems. Examples of suitable binders are
polyesters, polyester acrylates, polyesterurethane acrylates,
polyurethanes, including 1-component systems and 2-com-
ponent systems among others, straight acrylates, acrylate
copolymers, including acrylate-styrene copolymers, methyl
methacrylate-butyl acrylate copolymers, acrylate-vinyl
acetate copolymers, acrylate-polyurethane copolymers (hy-
brid polymers), acrylate-epoxy copolymers, and aromatic
epoxide acrylates, among others, styrene-butadiene copoly-
mers, polybutadienes, latexes, epoxides, polyamides, poly-
imides, polyolefins, polychloroprene, phenolic resins, ethyl-
ene-vinyl acetates, melamine-formaldehyde resins, and
s1licones. As an aqueous binder system 1t 1s possible to use
aqueous binder emulsions or binder dispersions of the afore-
mentioned polymers/binders. The aqueous binder systems in
question may be, for example, chemically drying systems or,
more particularly, physically drying systems.

These known aqueous binder systems can be used 1n order
to form {ilms, or coating films. Alternatively the binder sys-
tems are utilized, for example, as adhesives or for sealing. The
aqueous binder systems find further application as conven-
tional binders, such as in the textile industry, for example,
where aqueous binder systems are employed 1n applications
including the production of what are called nonwovens, e.g.
nonwoven fabric. Here, expressed 1n simplified form, textile
fibers are bonded together with a binder system to form a
sheetlike textile. Aqueous binder systems are employed 1n
nontextile applications as well, as for example 1n the case of
fiber mats, including rockwool for insulation.

The aqueous binder system may preferably be an aqueous
coating material, an aqueous adhesive, an aqueous sealant or
an aqueous binder, with an aqueous coating material being
preferred. These binder systems may comprise further com-
ponents 1n addition to the binder and the solvent, such com-
ponents being as commonly used 1 such aqueous binder
systems, such as coating matenals, adhesives, sealants or
binders. The additive 1n accordance with the present invention
may be added to the coating matenial, adhesive, sealant or
binder already comprising all of the desired components. The
addition of the additive 1n accordance with the invention and
ol the respective optional additional components to the aque-
ous binder system 1s arbitrary, however.

Besides the binder and the solvent, the aqueous binder
system may comprise further components which are com-
monly used 1n binder systems. Examples of such components
which are suitable for aqueous binder systems, such as coat-
ing materials, adhesives, sealants or binders, for example,
more particularly coating matenals, are plasticizers, dyes,
fillers, pigments, and auxiliaries, such as flow control agents,
dryers, antiskinning agents, curing accelerators, wetting
agents, and antisettling agents, for example. The aqueous
coating material may be transparent or colored, with prefer-
ence being given to a clear varmish. Equally, however, a pig-
mented coating material may be used.

The solvent resistance and further properties of the aque-
ous binder system are improved surprisingly greatly through
the addition of the above-described aqueous dispersion of the
invention or of the kit of aqueous dispersions. The solvent
resistance and the other properties of the aqueous binder
system relate to the binder system used as mntended and dried
or cured, unless indicated otherwise. The aqueous coating
materials are suitable for coating substrates of all kinds, the
coating being obtained after drying and optionally curing of
the coating material applied to the substrate.

As well as improving the solvent resistance, the addition of
the aqueous dispersion of the mixture or of the kit of aqueous
dispersions to the aqueous binder system has the effect of
improving further properties of the binder system, more par-
ticularly of the aqueous coating matenial, such as, for
example, improvements in the resistance of the dried or cured
system, 1n the surface properties of the dried or cured system,
and 1n the drying properties of the binder system. Improve-

ments results 1 terms for example of moisture resistance,
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adhesion, drying properties, blocking resistance, mechanical
stability, gloss retention, water protection index, and weath-

ering resistance of the dried or cured binder system which 1s
obtained from the aqueous binder system by drying and/or
curing.

Examples follow for further elucidation of the mvention,
these examples nevertheless not being intended 1n any way to
restrict the scope of the ivention.

EXAMPLES

Working Example 1

For working example 1, mixtures of additives and Worlee-
cryl® 7940 (acrylate copolymer) were prepared, giving a
total of 1% by weight of inorganic additives in the dry coating,
material (see table 1). The solids content of the S10, disper-

10

total of 1% of morganic additives in the dry coating material
(see table 2). The solids content of the S10, dispersion (pre-
pared from Aerosil® 8200) was 15%, the ZnO dispersion
(comprising ZnO from Microsun, Zinc Oxide P99/30) pos-
sessed a solids content of 46%.

The polymer dispersions with the additives added were
homogenized and knife-coated onto glass plates, to give a wet
f1lm thickness of 100 um. The wet films were dried at 70° C.
for 3 minutes. The films thus produced on the glass plates
were subject 1n accordance with EN 13523-11 to an MEK
resistance test. Table 2 contains the number of double rubs
aiter which the coat on the glass plate had suifered destruction
right the way through.

It 1s seen that the best MEK resistance 1s achieved with a

combination of two additives (Sample #6, ZnO and Aerosil
R8200). The MEK resistance with this coating 1s better than
the weighted average of the resistances of the individual
components (samples #7 and #8).

10

TABLE 2

Composition of the coating samples for working example 2

Additive Additive Number

Additive  content (mass  Additive  content (mass  of double
# Coating system 1 in dry coat)/% 2 in dry coat)/% MEK rubs
6 WorleeCryl 7940 ZnO 0.97 510, 0.03 164
7 WorleeCryl 7940 /Zn0O 1 - - 10%
8 WorleeCryl 7940 - S10, 1 35
9 WorleeCryl 7940 - - - - 6U

sion (prepared from Aerosil® R8200) was 15%, the ZnO . Working Example 3

dispersion (prepared from ZnO from Microsun, Zinc Oxide
P99/30) possessed a solids content 01 46%, and the Fe(O)OH
dispersion possessed a solids content of 33%. Prior to their
mixing, the additives were converted into an aqueous disper-
s10n, using a suitable dispersing additive.

The coating materials with the additives added were

homogenized and knife-coated onto glass plates, to give a wet
f1lm thickness of approximately 100 um. The wet films were

dried at 70° C. for 3 minutes. The films thus produced on the
glass plates were subject in accordance with EN 13523-11 to

an MEK resistance test. Table 1 contains the number of 40

double rubs after which the coat on the glass plate had sui-
tered destruction right the way through.

It 1s seen that the best MEK resistance 1s achieved with a
combination of three additives (#1: ZnO, Aerosil R8200, and

Fe(O)OH, Transyellow AC500, Rockwood). The MEK resis- 4

tance with this coating 1s better than the weighted average of
the resistances of the individual components (samples #2 to

#4),
TABL,

(L]

1

For working example 3, mixtures of additives and Revertex
[.S-1032-1 (acrylate polymer dispersion 1in water) were pre-
pared, giving a total of 1% of mmorganic additives in the dry
coat (see table 3). As a flow control additive, 6% (m/m, based
on the polymer dispersion) of Texanol was added to the dis-
persion prepared. The solids content of the S10, dispersion
(Levasil 300/30) was 30%, the ZnO dispersion (comprising,
/n0O from Microsun, Zinc Oxide P99/30) possessed a solids
content of 46%.

The polymer dispersions with the additives added were
homogenized and knife-coated onto glass plates, to give a wet
f1lm thickness of 100 um. The wet films were dried at 70° C.
for 3 minutes. The films thus produced on the glass plates
were subject 1n accordance with EN 13523-11 to an MEK
resistance test. Table 3 contains the number of double rubs
aiter which the coat on the glass plate had suffered destruction
right the way through.

It 1s seen that the best MEK resistance i1s achieved with a
combination of two additives (Sample #10, ZnO and Levasil

35

Composition of the coating samples for working example 1

Additive Additive Additive  Number

Coating Additive  content®  Additive  content®*  Additive  content*  of double
# system 1 (%0) 2 (%) 3 (%0) MEK rubs
1 WorleeCryl 7940 Zn0O 0.88 S105 0.077 Fe(O)OH 0.042 443
2 WorleeCryl 7940 Zno 1 - - 10%
3 WorleeCryl 7940 — 510, 1 — 35
4 WorleeCryl 7940 — — Fe(O)OH 1 42
5 WorleeCryl 7940 - - - 60

*The additive content refers to the mass 1n the dry coat (%)

Solids contents of the dispersions: ZnQO in water, 46%; Aerosil R8200 in water, 15%; Transyellow 1n water, 33%

Working Example 2

For working example 2, mixtures of additives and Worlee-
cryl® 7940 (acrylate copolymer) were prepared, giving a

300/30). The MEK resistance with this coating 1s better than

%> the weighted average of the resistances of the individual

components (samples #11 and #12).
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TABLE 3
Composition of the coating samples for working example 3
Additive Additive Number
Additive  content (mass  Additive  content (mass  of double
# Coating system 1 in dry coat)/% 2 in dry coat)/% MEK rubs
10 Revertex LS-1032-1 /Zn0o 0.86 510, 0.14 120
11 Revertex LS-1032-1 /Zn0o 1 - - 6%
12 Revertex LS-1032-1 — 5105 1 39
13 Revertex LS-1032-1 — — — — 27
Working Example 4 TARI E 4

For working example 4, mixtures of additives and an acry- 15 . e T RE T e
late-based coating formulation (see table 4) were prepared, omposition ol the coating formulation Hhe
grving a total of 0.9% of additives in the dry coat (see table 5).

The solids content of the S10, dispersion (prepared from Addition step Ingredient Amount/g
Aecrosil® 8200) was 13%, the ZnO dispersion (comprising

/n0O from Mlucrosun, Zinc Oxide P99/30) possessed a solids . N B AC.A3T FR 105 00
content of 40%.

As an organic comparative additive, Aquacer® 535 2. lego Foamex 825 0.60
(Byk®) was used, which i1s likewise used for improving the 3. Water 30.00
surface properties. The polymer dispersions with the addi- 4 Texanol 690
tives added were homogenized and knife-coated onto glass 5 Aronia <olution. 259 07
plates, giving a wet film thickness of 100 um. The wet films . | HHOHIA SHHIHOT, <078 |
were dried at room temperature. The drying time to drying 6. Water 60.00
level 4 was determined 1n accordance with DIN 53150. 7 Acrysol RM-12W 5 01

The drving time to drying level 4 (see table 5) 1s reduced by N Wt 030
the use of the aqueous dispersion from more than 48 h to 20 h. | e |
The use of Aquacer 335 does not result 1n a shortening of the
time (see table 5, sample 15).

TABLE 5
Composition of the coating material for working example 4
Additive Additive Drying time

Coating Additive  content (mass  Additive  content (Inass to drying
# system 1 in dry coat)/% 2 in dry coat)/% level 4/h
14 HBST337 /Zn0O 0.77 510, 0.12 20
15 HBST337 Aquacer 0.9 — — >48

535

16 HBST337 - - - - >48

45

50

The film produced with the aqueous dispersion on the glass
plate was also subjected in accordance with EN 13523-11 to
an MEK resistance test, and was also compared with coating
materials to which only ZnO nanoparticles or S10, nanopar-
ticles had been added. Table 6 contains the number of double
rubs after which the coat on the glass plate had suflered
destruction right the way through.

It 1s seen that the best MEK resistance 1s achieved with a
combination of two additives (Sample #14, ZnO and S10.,,).
The MEK resistance with this sample i1s better than the
weilghted average of the resistances of the individual compo-
nents (samples #17 and #18). The use of Aquacer does not

result 1n an 1mprovement in the MEK resistance in
“HBST337” (see sample #15).

TABLE 6

Composition of the coating material for working example 4

Additive Additive Number
Coating Additive  content (mass  Additive  content (mass of double
#  system 1 in dry coat)/% 2 in dry coat)/% MEK rubs
14 HBST337 Zn0O 0.77 510, 0.12 131
15 HBST337 Aquacer 0.9 - - 34

535
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TABLE 6-continued

Composition of the coating material for working example 4

14

Additive Additive
Coating Additive  content (mass  Additive  content (mass
#  system 1 in dry coat)/% 2 in dry coat)/%
16 HBST337 — — — —
17 HBST337 ZnO 0.9 — —
18 HBST337 — S10, 0.9

All of the working examples show that a combination of
zinc oxide and a further nanoparticle 1n accordance with the
invention produces a surprising increase in solvent resistance
relative to the use of the individual components. The use of
the aqueous dispersion of the mixture or of the kit of the
aqueous dispersion also leads to a shortening 1n the cure time
ol the binder system by more than half.

What 1s claimed 1s:

1. An aqueous dispersion or a kit that comprises at least two
aqueous dispersions for improving the resistance and the
drying properties ol an aqueous binder system, wherein the
aqueous dispersion (1) comprises nanoscale ZnO particles
and nanoscale particles of at least one non-ZnO metal oxide,
semimetal oxide or oxo salt, and wherein the kit (1) com-
prises at least two aqueous dispersions comprising a first
aqueous dispersion which comprises nanoscale ZnO particles
and one or more further aqueous dispersions which comprise
nanoscale particles of at least one non-ZnO metal oxide,
semimetal oxide or oxo salt, and wherein the nanoscale par-
ticles of the at least one non-ZnO metal oxide, semimetal
oxide or oxo salt comprise hydrophobic particles and a frac-
tion of the nanoscale particles of at least one non-ZnO metal
oxide, semimetal oxide or oxo salt, relative to a total weight of
the nanoscale ZnO particles and the nanoscale particles of at
least one non-ZnO metal oxide, semimetal oxide or oxo salt,
1s from 0.5% to 20% by weight.

2. The aqueous dispersion or kit of claim 1, wherein the
nanoscale particles of the at least one non-ZnO metal oxide,
semimetal oxide or oxo salt comprise one or more of S10,,
aluminum oxide, titanium dioxide, zirconium dioxide,
certum dioxide, yttrium oxide, mixed oxides of aluminum
oxide and silicon dioxide, aluminosilicate, 1ron oxide, and
core-shell particles with a shell of S10,, bartum sulfate or
calcium carbonate.

3. The aqueous dispersion or kit of claim 1, wherein the
aqueous dispersion (1) or further aqueous dispersion of the kit
(11) comprises at least two different nanoscale particles of a
non-Zn0O metal oxide, semimetal oxide or oxo salt.

4. The kit of claim 1, wherein the kit comprises at least two
turther aqueous dispersions.

5. The kit of claim 4, wherein one of the at least two further
aqueous dispersions comprises nanoscale S10, particles and
another one of the dispersions comprises nanoscale particles
of one or more of aluminum oxide and iron oxide.

6. The aqueous dispersion or kit of claim 1, wherein the
hydrophobic particles comprise one or more of hydrophobic
S10, and hydrophobic AL, O,.

7. The aqueous dispersion or kit of claim 1, wherein the
hydrophobic particles comprise hydrophobic S10.,.

8. The aqueous dispersion or kit of claim 1, wherein the
aqueous dispersion (1) or at least one of the aqueous disper-
s1ons of kit (11) comprises at least one dispersant.

9. The aqueous dispersion or kit of claim 1, wherein the
fraction of the nanoscale particles of at least one non-ZnO
metal oxide, semimetal oxide or oxo salt, relative to the total
weight of the nanoscale ZnO particles and the nanoscale
particles of at least one non-ZnO metal oxide, semimetal
oxide or oxo salt, 1s from 2% to 15% by weight.

10. A method of increasing the solvent resistance of a dried
or cured aqueous binder system, wherein the method com-
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prises combining the aqueous binder system with the aqueous
dispersion (1) or kit (11) of claim 1.

11. The method of claim 10, wherein the aqueous binder
system 1s an aqueous coating material, an aqueous adhesive,
an aqueous sealant, or an aqueous binder.

12. The method of claim 10, wherein (1) or (1) are
employed in an amount to result in a combined mass fraction
of the nanoscale ZnO particles and the nanoscale particles of
at least one non-Zn0O metal oxide, semimetal oxide or oxo salt
in the dried or cured binder system of from 0.01% to 20% by
weilght.

13. The method of claim 12, wherein the combined mass
fraction 1s from 0.1% to 3% by weight.

14. The method of claim 10, wherein a fraction of the
nanoscale particles of the at least one non-ZnO metal oxide,
semimetal oxide or oxo salt, relative to a total weight of the
nanoscale ZnO particles and nanoscale particles of the at least
one non-ZnO metal oxide, semimetal oxide or oxo salt, 1s
from 2% to 15% by weight.

15. An aqueous dispersion or a kit that comprises at least
two aqueous dispersions for improving the resistance and the
drying properties of an aqueous binder system, wherein the
aqueous dispersion (1) comprises nanoscale ZnO particles
and nanoscale particles of at least one non-ZnO metal oxide,
semimetal oxide or oxo salt, and wherein the kit (1) com-
prises at least two aqueous dispersions comprising a first
aqueous dispersion which comprises nanoscale ZnO particles
and one or more further aqueous dispersions which comprise
nanoscale particles of at least one non-ZnO metal oxide,
semimetal oxide or oxo salt, a fraction of the nanoscale par-
ticles of at least one non-ZnO metal oxide, semimetal oxide or
oxo salt, relative to a total weight of the nanoscale ZnO
particles and the nanoscale particles of at least one non-ZnO
metal oxide, semimetal oxide or oxo salt being from 0.5% to
20% by weight.

16. The aqueous dispersion or kit of claim 135, wherein the
fraction of the nanoscale particles of at least one non-ZnO
metal oxide, semimetal oxide or oxo salt, relative to the total
weight of the nanoscale ZnO particles and the nanoscale
particles of at least one non-ZnO metal oxide, semimetal
oxide or oxo salt, 1s from 2% to 15% by weight.

17. A method of increasing the solvent resistance of a dried
or cured aqueous binder system, wherein the method com-
prises combining the aqueous binder system with the aqueous
dispersion (1) or kit (1) of claim 15.

18. The aqueous dispersion or kit of claim 15, wherein the
nanoscale particles of the at least one non-ZnO metal oxide,
semimetal oxide or oxo salt comprise one or more of S10,,
aluminum oxide, titanium dioxide, zirconium dioxide,
certum dioxide, yttrium oxide, mixed oxides of aluminum
oxide and silicon dioxide, aluminosilicate, 1ron oxide, and
core-shell particles with a shell of S10,, bartum sultate or
calcium carbonate.

19. The aqueous dispersion or kit of claim 15, wherein the
aqueous dispersion (1) or further aqueous dispersion of the kit
(11) comprises at least two different nanoscale particles of a
non-7Zn0O metal oxide, semimetal oxide or oxo salt.

20. The aqueous dispersion or kit of claim 15, wherein the
aqueous dispersion (1) or at least one of the aqueous disper-
s1ons of kit (11) comprises at least one dispersant.
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